Purpose To evaluate the visual outcomes of patients with zonular dialysis following cataract surgery. Patients and methods Medical records of all patients with documented zonular dialysis, either pre-or peri-operatively, undergoing cataract surgery between 2004-2010 at Queen Alexandra Hospital, Portsmouth, were retrospectively reviewed. Baseline demographics and biometry were analysed, and ocular co-morbidities documented. Intraoperative complications and the use of a capsular tension ring (CTR) were identified. Early and late best-corrected visual acuity (BCVA) post surgery were determined using LogMar values. Univariate and multivariate linear regression analysis was performed to determine associations with BCVA post surgery, and further subgroup analysis performed in groups determined by CTR use. Results The records of 22 312 consecutive eyes undergoing cataract surgery were reviewed. The incidence of zonular dialysis was 0.50% (111 eyes). A CTR was inserted in 46 eyes. Using a multivariate linear regression model, better initial pre-operative BCVA (P = 0.019), the use of a CTR (P = 0.014), and the absence of vitreous loss during surgery (P = 0.008, β 0.45) were associated with improved early postoperative BCVA (mean follow-up 6.6 weeks). Better medium-term postoperative BCVA was significantly associated with preoperative BCVA (P = 0.002) and the use of a CTR during surgery (P = 0.004, β − 0.41). Conclusions The overall incidence of zonular dialysis is low. CTR use intraoperatively suggests improved early and medium-term BCVA and should be considered in all cases of zonular dialysis.
Introduction
Zonular dialysis, whether inherited, acquired or iatrogenic, often presents unique challenges to the cataract surgeon. While the presence of zonular dialysis has commonly been reported in pseudoexfoliation syndrome (PXF) or trauma, studies reporting the incidence, and specifically visual outcomes, of zonular dialysis detected at cataract surgery are limited. 1 The UK CND audit of 55 297 patients identified a zonular dialysis rate of 0.46%. 2 Zonular dialysis has been associated with a variety of adverse outcomes including early or late in-the-bag IOL dislocation, and progressive asymmetrical capsular contraction resulting in IOL decentration. 3, 4 Capsule tension rings (CTRs) have been reported to compensate for weakened or damaged zonules in a number of ways, acting as a supportive device both intraand postoperatively, but have advantages and disadvantages. [4] [5] [6] The CTR can redistribute mechanical forces induced by nuclear sculpting or IOL insertion. 4 Similarly, the CTR induces centripetal pressure, reducing capsular folds, preventing forward movement of the posterior capsule, and thereby countering progressive contractile capsular forces post-operatively. 4, 7 In contrast, compression is often required to implant the CTR, which itself may introduce further zonular damage. 4, 8 Furthermore, CTR may prevent full cortical aspiration by trapping the cortex within the capsular fornix. 4 Despite these findings, medium to long-term outcome data in the use of CTR are lacking.
The aims of our study were to report the incidence and visual outcomes of patients with zonular dialysis undergoing cataract surgery. Further subgroup analysis compared visual outcomes in the CTR insertion and non-insertion groups.
Materials and methods
Electronic medical records (Medisoft Ophthalmology, Medisoft Limited, Leeds, UK) of all consecutive patients with documented zonular dialysis during cataract surgery, from June 2004 to November 2010, were retrospectively reviewed by a senior ophthalmic surgeon.
All patients underwent a complete slit-lamp examination, including autorefraction (Nidek ARK, Fremont, CA, USA), applanation tonometry (Goldmann, Haag-Streit, Switzerland), and dilated fundus examination, both pre-and postoperatively. Baseline demographics such as age and gender were documented from the records, along with pre-existing ocular co-morbidities. Pre-operative biometry (IOL Master, Carl-Zeiss Meditec, Dublin, USA) and intended post-operative spherical equivalent were also noted. Data on the pre-operative pupil size, subjectively measured by the grade of surgeon performing the procedure, the use of a CTR (Morcher, FCI Ophthalmics, Pembroke, MA, USA), and intraoperative complications were also collected. Postoperatively, early and last BCVA were documented from follow-up.
Statistical analysis
Data were analysed using SAS version 9.3 for Windows (SAS, Inc., Cary, NC, USA). Baseline demographic and clinical features were reported for the 111 eyes, with the diagnosis of zonular dialysis done before or during surgery. In multivariate linear regression analysis of the continuous outcome of early postoperative BCVA (LogMAR), we excluded all clinical features or baseline demographics that did not achieve the Po0.15 significance level in the univariate analysis. Variables included in the univariate analysis were most recent preoperative BCVA (LogMAR), age, and gender, including diagnoses of trauma and/or glaucoma, diabeteic retinopathy, uveitis with/without posterior synechiae, phacodonesis, and PXF. Further variables included were whether a pre-procedure YAG laser peripheral iridotomy had been performed, the grade of operating surgeon, pupil size pre-procedure, CTR (use/no use), vitreous loss, PCIOL insertion, keratometry, axial length, and anterior chamber washout. A multivariate linear regression analysis was used to assess the association between the late postoperative BCVA (as a continuous outcome, LogMAR unit, in patients with more than 6 months follow-up) and the clinical features or baseline demographics, where the adjustment was for the variables with a Po0.15 significance level in the univariate analysis.
The absolute differences between the actual and predicted values of spherical equivalent were compared based on CTR (used versus did not use) using a Mann-Whitney U test. Statistical significance was set at P ≤ 0.05.
Results
A total of 22 312 consecutive phacoemulsification surgical procedures were carried out during the study period. Of these, in 0.50% (111 eyes) the diagnosis of zonular dialysis was done during surgery (3 were confirmed preoperatively), with or without vitreous loss (VL). Fifty-one patients were male and 60 female. The mean age of patients, at surgery, was 78.9 years (SD 8.9 years). In 22 cases (20%) zonular dialysis was associated with VL (Table 1 ). In the case of VL, 4 eyes had an AC-IOL inserted, 11 eyes a sulcus IOL, 6 a PC-IOL, and 1 eye was left aphakic. ZD incidence CTR use ranged from 4 Early postoperative BCVA (110 patients, mean 6.6 weeks, SD 8.6 weeks) was significantly associated with preoperative BCVA (β 0.28, P = 0.019), positively associated with the use of a CTR (β − 0.34, P = 0.013), and negatively associated with the presence of VL during surgery (β 0.45, P = 0.008) ( Table 2) .
Medium-term follow-up (greater than 6 months) BCVA was obtained for 70 patients (mean 34.2 months, SD 23.4 months). Using a multivariate logistic regression model, better late postoperative BCVA was found significantly associated with preoperative BCVA and the intra-operative use of a CTR (β − 0.40, P = 0.004) ( Table 3) . Of note, one case of late in-the-bag IOL dislocation was detected in a case without CTR use. No significant difference in the actual versus predicted spherical equivalent was noted in the use of a CTR (P = 0.834) ( Table 4) . 
Discussion
This study reports improved BCVA postoperatively, over the medium term, in patients receiving a CTR for zonular dialysis during phacoemulsifcation surgery in a large consecutive cohort of patients. This compares favourably to a study by Wang et al 9 that illustrated that CTR use for zonular dialysis was associated with an improved Visual outcomes following zonular dialysis in cataract surgery S Trikha et al postoperative BCVA in 72.6% of cases. Furthermore, the overall incidence of zonular dialysis without VL in our cohort (89 cases, 0.4%) is similar to the data from the UK CND EPR audit of 0.46%. 2 In addition, the overall use of a CTR in our study (0.5%) compares favourably to CTR use in a similar study by Tribus et al 10 (69 out of 9528 consecutive cataract procedures, 0.7%).
Our study also showed no statistically significant difference in the spherical equivalent outcome with or without the use of a CTR, in agreement with a study by Boomer and Jackson 11 that found no consistent association between CTR use and refractive outcome. Another study by Schild et al, 12 looking at refractive outcomes in myopic eyes undergoing phacoemulsification with and without CTR use, suggested that the IOL power calculation does not have to be adjusted when a CTR is used.
Reports of visual outcomes following zonular dialysis have hitherto been limited by follow-up period, sample size, and no adjustment for pre-operative BCVA. 13 A prospective study of 21 eyes from 19 patients, with documented zonular dialysis and CTR use, showed that 15 eyes (74.42%) had a postoperative BCVA of 6/12 or better. 13 Similarly, a study by Ionides et al 14 assessed BCVA in 17 patients with zonular dialysis, and found an acuity of 6/12 or better in 80% of patients with no previous ocular co-morbidity, and in 42.9% of patients with ocular co-morbidity.
The use of a CTR has potential advantages, including the symmetrical distribution of capsular tension, thereby ensuring reduced capsular contraction and IOL dislocation-a phenomenon first described by Davison 15 in 1993. Furthermore, IOL dislocation has been documented following irregular capsulorrhexis creation in the presence of zonular dialysis. 3, 16 However, some evidence exists suggesting that CTR insertion will not exclusively prevent IOL dislocation. A total of 21 out of 84 (27%) in a study by Jakobsson et al, and 8 out of 45 (18%) in a study by Lorente et al had IOL dislocation following CTR insertion. Both of these studies had high frequencies of eyes with PPXF syndrome (60% and 66.7%, respectively). 16, 17 Although this is likely to be a major risk factor for late IOL dislocation, the possibility of iatrogenic damage during, and mis-timing of CTR insertion, cannot be discounted. 8 In comparison, our study revealed that 8 patients with zonular dialysis had PXF, of whom 4 (50%) underwent CTR insertion during surgery. The one case of documented late-in-the-bag IOL dislocation was in a patient with PXF and no CTR insertion. The low detection rate may therefore be a true reflection of the incidence of IOL dislocation, or under-reporting due to the medium follow-up period in our study. Indeed, Jehan et al 18 reported 8 cases of late in-the-bag IOL subluxation/ dislocation at a mean time point of 7 years post surgery, and another study reported 86 cases at a mean of 8.5 years. 19 In both studies no CTR was inserted, suggesting that CTR use does provide some protection in IOL dislocation. However, as some causes of zonular weakness may be progressive, longer follow-up may be required. With a small PXF cohort, our study does not prove the protective effect of CTR on IOL decentration or dislocation, as suggested by other studies. 16 One study reported earlier late in-the-bag IOL dislocation in patients with CTR insertion than in those without, although selection bias may have meant that CTRs were inserted in the more severe zonular dialysis. 17 This study has a number of limitations. While being retrospective in nature, the case capture period is 6 years and incidence of zonular dialysis was identified from 22 312 cases, resulting in a large consecutive cohort of eyes with zonular dialysis. Although this study utilised electronic records for pre-and perioperative cataract surgery data, this has the advantage of being documented in a standardised format, therefore minimising bias or data loss. Paper-based records were then utilised for later postoperative review and final visual outcome. Preoperative zonular dialysis was detected through clinician judgement rather than subjective measures, including ultrasound biomicroscopy (UBM), and surgical judgement was used intra-operatively to determine the use of a CTR. The exact technique of CTR insertion was also not documented. These variations are, however, likely to be representative of true clinical practice. Selection bias is also present as medium-term follow-up data are likely to be obtained by patients with ocular comorbidities, with others potentially discharged from clinic. Furthermore, the sample size is small due to the low incidence of zonular dialysis, and hence may be underpowered to reveal other significant associations. Although the follow-up period was nearly 3 years, this may be insufficient to identify all cases of late IOL dislocation.
In summary, our study suggests that improved early and medium-term visual outcomes can be obtained with the use of CTR in all cases of zonular dialysis detected during phacoemulsification surgery. The incidence of zonular dialysis itself is rare, as demonstrated by this study of a large cohort of patients undergoing cataract surgery in a UK district general hospital, and is reflective of likely clinical practice. Although the presence of selection bias limits long-term outcome data, outside of randomised, long-term trials, CTR use appears to be beneficial and should be strongly considered in all cases of zonular dialysis.
